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(54) A multi'lamlnate stent having superelastic articulated sections 



(57) In accordance with the present invention, there 
is provided a slant for imptantation inlo a ves&el of a 
p^tieni. The stent has al least two plastically deformable 
and expandable lubular graft members tor expansion 
within a vessel. Each of the graft member has afirst end. 



a sacond end, a wall section disposed therebetween 
and a lumen extending therethrough, the stem further 
includes ai least one articulation connecting the flr^t end 
o^ one of the graft members with the second end of the 
other gratt rnember. Wherein the articulation ia made 
from a 8uperela$tic /naterial. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates lo an expanda- 
ble Intraluminal graft for use within a body passageway 
or duct and, nnore particularly, expandable Intralunnlnal 
vascular grafts which are particularly useful for repairing 
blood vessels narrowed or occluded by diseased lumi- 
nal grafts. 

BACKGROUND OF THE INVENTION 

[0002] Intraluminal endovascular grafting or stenting 
has been demonstrated to be an alternative lo conven- 
tional vascular surgery. Intraluminal endovascular graft- 
ing involves the percutaneous msertign into a btood ves- 
sel of a tubular prosthetic graft or si9ni and its delivery 
via a catheter to the desired location within the vascular 
system. Advantages of this method over conventional 
vascular surgery include obviating the r^ed for surgical- 
ly exposing, incising, removing, replacing, or bypassing 
the defective blood veeseL 

[OOOd] Structures which have previously been used 
as intraluminal vascular grafts have included various 
types of stents which are expanded within a vessel by 
a balloon catheter such as the one described in U.S. 
Patent 5,304,197 issued lo Pinchuk ei al. on April 10, 
1994, which is hereby incorporated herein by reference 
Examples of different types of slants include helical 
wound wires such as those described In U.S. Patent 
5,019.090 issued to Pinchuk on May 28, 1991, which is 
hereby incorporated herein by reference, and stents 
formed by cutting slots into a metal tube such as the 
one descnbed in U.S. Patent 4,733,665 issued to Pal- 
maz on March 29, 1988, which is hereby incorporated 
herein by reference. 

[0004] Other types of slenls include self expanding 
stents, typically made from a superelastic material, such 
as a nichel titanium alloy (Nilinol). The prior art makes 
reference to the use of Nitinol which has shape memory 
and/or superelastic characteristics in medical devices 
which are designed to be inserted into a patient's body 
The shape memory characteristics allow the devices to 
be deformed to facilitate their insenlon imoabody lumen 
or cavity and then be heated within the body so thai the 
device returns to lis original shape. Superelastic char- 
acteristics on the other hand generally aibw the metal 
to be deformed and reatralned in thedelormed condition 
to facilitate the ineertbn of the medical device containing 
the metal into a patient's body, with such detormetion 
causing the phase transformation. Once within the body 
lumon the restraint on the superelastic mombcr can be 
removed, thereby reducing the stress therein so lhai the 
superelastic member can return to its original un^e- 
formed shape by the transformation back 10 the original 
phase. 

[0005) Alloys having shape memory/supereiastic 



characieri&tfcs generally have at least two phases. 
These phases are a martensite phase, whteh has a rel- 
atively low tensile strength and which is stable at rela- 
tlvely low temperatures, and an austenite phase, which 

^ has a relatively high tensile strength and vvhich is stable 
at temperatures higher then the mariensile phase. 
[0006] Shape menDory characteristics are impansd to 
the alloy by heating the metal at a temperature above 
which the transformation from the marlensite phase to 
the austenrte phase is complete, I.e. a temperature 
above which the austenite phase is stable (the At tem- 
perature). The shape of the metal during this heat Ireat- 
ment is the shape "rsmemberedV Th e heat treated met- 
af is cooled lo a temperature at which the manensite 
phase is stable, causing the austenite phase to trans- 
form to the manensite phase. The nnetal in the mart©r>- 
site phase is then plastically delormed. e.g. to facilitate 
the entry thereof into a patient's body. Subsequent heat- 
ing of the delormed martensite phase to a temperature 
aijcve the martensite lo austenite transformation tem- 
perature causes the delormed martensite phase to 
transform to the austenite phase and during this phase 
transformatkxi the metal reverts back to its original 
shape if unrestrained. If restrained, the metal will remain 

5^ martonsitic until the restraint is removed. 

[OO07] Methods of using the shape memory charac- 
teristics of these alloys in medical devices ntended to 
be placed within a patient's body present operational dif- 
ficulties. For example, with shape memory alloys having 

^0 a stable martensite temperature below body tempera- 
ture, it is frequently difficult to maintain the temperature 
ol the medical device containing such an alloy sulficient- 
iy below body temperatu re to prevent the transformation 
of the martensite phase to the austenite phase when the 

^ devtee was being inserted into a patient's bf?dy. WUh in- 
travascular devices formed of shape memory alloys 
having nnartensite-to-austenite transformation ten^era- 
tures well above body temperature, the devices can be 
inlilbduced into a patient's body with little or no problem, 

40 bt/t they must be heated to the martensite-to-dusteniie 
transformation temperature which is frequently high 
enough to cause tissue damage and very high levels of 
pain. 

[OOOB] When stress is applied to a specimen of a mel- 
45 di such as Nmnoi exhibiting superelastic characteristics 
at a temperature above vuhlch the austenite is stable (I. 
e. the temperature at which the transformation of mar* 
tensile phase to the austenite phase is complete), the 
specimen deforms elastically until it reaches a particular 
$0 stress level where the alloy then undergoes a stress* 
Induced phase transformation from the austenite phase 
to the manensite phase. As the phase transformation 
proceeds, the alby undorgoos significant mCroascs in 
strain but with little or no corresponding increases in 
55 stress. The strain increases while the stress remains es- 
sentially constant until the transformation of the austen- 
Ks phasQ to the martensite phase is complete. Thereaf- 
ter, funher increase in stress arenecess^ary Koc^ugefur- 
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ther deformation. The martensitic mslal first ddforms 
el^slicfllly upon the appliCc^tion of addhional stress and 
ihen plastically with permanent residual defonDaticn. 
[OOOd] If the load on {he specimen is renrxwed before 
any permanent detormaclon has occurred, th9 maitan^ 
ditic specimen will elastically recover and transform 
back lo the austenfte phase. The reduction in stress first 
causes a decrease in strain. As stress reduction reach- 
es the level at which the martensite phase transforms 
back into the austenite phase, the stress level in the 
specimen will remain essentially constant (but substan- 
tially less than the constant slress level at which the 
austenits transforms to the manensit©) until the trans- 
formation back to the austenite phase is complete, i.e. 
there is significant recovery in strain with only negligible 
oorrespondingstress reduction After the transformation 
back to austenite is complete, further stress reduction 
results in elastic strain reduction. This ability to incur sig- 
nificant strain at relatively constant stress upon the ap- 
plication of a load and lo recover from the deformation 
' upon the removal of the load is commonly ref erred to as 
superelasticity or pseudodldsliciiy. It Is tills property of 
the materiaJ which makes it useful in manufacturing lube 
cut seif-expanding slenls. The prior art makes reference 
to the use of metal alloys having supcrelaatio character- 
istics in medical devices which are intended to be insert- 
ed orothenA/ise used within a patisnVs body. See for ex- 
ample, U.S. Pat. No. 4.665.905 (Jervis) and U.S. Pal. 
No. < 925 ,4.45 (Sakamoto et iai ). 
[0010] However, in general, the foregoing structures, 
both balloon expandable andself-expandlng, have one 
major disadvantage in common, insofar as these struc- 
tures must be delivered to the desired location within a 
given body passageway in a collapsed state, in order to 
pass through the body passageway. While it is neces- 
sary tor the expanded stent to have enough rigidity to 
maintain tl^e integrity of the vessel it is innplanted into, it 
also needs to have sufficient flexibility so that it can be 
navigated through tortuous vessels. For repairing blood 
vessels narrowed or occluded by disease, or repairing 
other body passageways, the length of the body pas- 
sageway Which requires repair, as by the insertion of a 
stent, may present problems if the length of the required 
graft cannot negotiate the cun/es or bends of th© body 
passageway through which the graft is passed by the 
catheter. In other words, in many instances, it is neces- 
sary lo support a length of Tissue within a body passage- 
way by a graft, wherein the length of the required graft 
exceeds the length of a graft which can be readily de- 
livered via a catheter to the desired location within the 
vascular system. Some grafts da not have the requisite 
ability to bend so as lo negotiate the curves and bends 
present within the vascuLarsystem, particularly prosthe- 
ses or grafts which are relatively rigid and reeiet bending 
with respect to their longitudinal axes. 
[0011] AccordingFy, one solution to this problem has 
been the development ct an art^ulaled stent. An exam- 
ple of an articulated stent is given in U.S Patent 



5.195.984 issued to Schatz on March 23, 1993. which 
is hereby incorporated herein by reference. Such a stent 
is partrcularty useful for critical body passageways, such 
as The left main coronary artery of a patient's heart. 

s Schat2 discloses a etent having a pluraiily of expanda- 
ble and deformable individual intraluminet vascular 
grafts or stents wherein and adjacent grafts are flexibly 
connected by a single connector nnembers. 
[0O12] Recently, however> there has been a need to 

^0 improve upon the stent disclosed in the Schatz refer- 
ence. Specifically, K has been a desire 10 the technical 
community to nrvake such a stent which is even rnore 
flexible, so that the stent can navigate tortuous vessels 
better than before. The preseni invention provides such 

'5 a stent. 

SUMMARY OF THE INVENTION 

[001 3] In accordance with the present invention, there 
20 rs provided a stent for implantation into a vessel of a 
patient, the stent has at least two plastically deformable 
and expandable tubular graft members tor expansion 
within a vessel. Each of the graft member has a first end, 
a second end, a wall section disposed therebetween 
and a lumen extending therethrough, tt^o sient further 
includes at least one articulation connecting Ihe first end 
of one of the graft members with the second end of the 
other graft member Wherein the articulation is made 
fronn a superelastic material. 

30 

BRIEF DESCRIPTION OF DRAWINGS 

[0014] The foregoing and other aspects of the present 
invention will best be appreciated with reference to the 
detailed description of the invention in conjunction with 
the accompanying drawings, wherein; 

Figure 1 1s a partial perspective view of a stent made 
In accordance with the present invention. 

^0 Figure 2 is a side view of a stent made In accord- 
ance with the preseni invention. 
Figure 3 is a partial cross sectional view ol the stent 
shown in Figure 2 taken along line 3-3. 
Figure 4 is a view similar 10 that of figure 2 bui show- 

^ ing the stent as it would appear when navigating a 
body vessel 

DETAILED DESCRIPTION OF THE INVENTION 

so [001 S] Referring nowto the drawings indeiail wherein 
like numerals indicate the same element throughout the 
views, there is shown in Figures 1 and2aslent 10 made 
in accordance with the preseni invcniion. Stent tO is 
shown in its collapsed condition ready to be disposed 

55 on a bafkx^n catheter for delivery and subsequent de- 
ployment into a vessel of a patient. Stent 10 Includes at 
least two expandable grafts. Stent lO is shown as hav- 
ing 3 evpandable grafts 20. 30 and 40 each having a 
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first end. 22. 32 and 42, and a eeconcf end, 24. 34 and 
4^. and a wall surface. 26. 36 and 46. disposed there- 
botwaan. The wall surface has a plurality of sfots. for 
example 28. 38 and 48. formed therein. The grafts are 
formed from a metal tube and the slots are cut therein, s 
typically by laser cuiifng or photochemjcal maching. Af- 
ter the slots are cvi therein, each graft comprises a piLh 
ralKy of loops 50, SO and 70, wherein adjacent loops are 
connected by at teasl one strut 52. 62 and 72. 
[001 6] G rafts 20 and 30 and 40 are connected togeth- iO 
er by at least one articulalion 80, and grafts 30 and 40 
are connected together by at least one articulation 90. 
As seen from the figures, the articulations connect a 
loop from one grdft to a loop from another graft. How- 
ever, it is preferable that the articulation does not con- f^ 
necl one loop of one stent to a loop of another stent di- 
rectly across ii In siead it connects the loops along a * 
curved path which Is angled with respect to the tengitu- 
dinal axis of the stem running through the lumen. 
[0017] TTie particular design of the present stent and ^ 
its advantages are best understood by describing the 
materials the stem is made from and how the slots and 
articulations are cut therefrom. By referring to Figure 3. 
stent 10 is made from a mulli laminate hollow tube, or 
hypotubc as it is olicn roferred to by thoee ekillod In the S9 
art, having at least iwo layers, wherein one layer is made 
from a plasiically deformable material, such as stainless 
steel or titanium, and the inner layer is made from a su- 
perelastic material such as Nitinol. Stent 10 preferably 
has a stainless steel outer layer 1 00 and a euperelastic 30 
Nitinol layer 110, The stent couid have more than two 
layers and still possess all the advantages of the present 
invention. For example. Ihe stent could be made of a 
euperelastic material, such as Nitinol, sandwiched be- 
tween two layers of a plastically deformable, such as ^ 
etainle^s steel. The inner layer of stainless Is preferably 
relatively thin so that the articulated sections remain 
elastic. 

[001 8] The laminate hypotube may be manufactured 
by any number of processes known to those skilled in ^ 
the art, as evidenced In U.S. Patent 5.853,566 Issued 
on January 12, 1999. In the First process the hypotube 
may be produced by hot rolling a series of layers of ma- 
terial into laminate sheets. The hot rolling process may 
be optimized to ensure mechanical bonding between 4S 
the layers and that the composite nnatenal has the nec* 
essary tensile strength. The laminate sheets may then 
be rolled up dround a mandrel and seam welded to form 
a lube. The seam welded tube can then be drawn to final 
size, so 
[0019] The second process for making the hypotube 
Is lo place multiple layers of tubes within each other 
arourKj a core mandrel. The oompoetlc structure may 
then be drawn and heat treated using oonventionaf wire 
drawing practices until the finished tube diameter meets ^5 
the physical properties and dimensions required. A sac- 
rificial ductile cors mandrel is placed within tho hypotube 
prior to the wire drawing process The composite system 



is then drawn to finish dimensions and the core mandrel 
is rennavBd. RenxDval of the mandrel is achieved by re- 
ducing the cross section o1 the mandrel. By solely pulling 
the rnandrel, the diameier of the mandrel can be re- 
duced sufficiently to be easily removed. 
[0020] Once a composite hypotube is obtained, the 
structure may be baded onto a lalhe type tool and the 
slots and articulations may be cut from this tube using, 
for example, a laser etctiing cutting tool, a water saw, or 
an electron discharge nnachina. Other ways of cutting 
the slots, such as by photochemk^ally etching, are well 
known by those of ordinary skill the art. 
[0021] The present invention has an advantage in that 
after the stent design is out from the tube, the articula- 
tions can then be processed so thai the outer layer of 
stainless steel is removes from the articulations. There- 
lore, the anteulatlons are now onty made from the eu- 
perelastic Nrtinol material. This additional process is 
done by selective etching or laser scribing. After all etch- 
ing and selective etching is complete, the lube may then 
bedeburred by a procedure such as shot peening, abra- 
sive tumbling, honing, eiectropolishing and electroetch- 
ing. 

[0022] By making the stent from a multi-laminate tube, 
whorein one layer is plastically deformable and the Inner 
layer is superetastic, a stent having relatively rigid grafts 
connected by very flexible and shape recoverable artic- 
ulations can be formed. This allows for a stent which is 
flexible enough to navigate through tortuous paths, but 
which is lor>g enough to cover a relatively large target 
srte within a vessel. As seen from Figure 4, the stent 10 
often has to pass through tight cun^es. Figure 4 shows 
the stent 10 loaded onto a balloon cathetsr 120 and be- 
ing navigated through a vessel 130. Because articula- 
tions SO and dO are nnade fronn a superelastic material, 
they make the stent nriore flexible so that It can better 
pass through tight curvee such as the one shown here. 
The stent need not have the particular design shown in 
the figures, (t could simply be a stent having a plastically 
defonnable layer and an elastic layer, wherein the stent 
has elastic zones along its body where the plastically 
deformable layer has been removed. That Is the stent 
could simply be d graft member having at least two lay- 
ers wherein one of the layers comprises an elastic layer 
of materia) extending from end to end, and eaid other 
layer comprises a plastically defomnable material cov- 
ering only a predetermined ponion of the elastic layer. 
[0023] The multilamhale stent described herein can 
also be used to make a crush recoverable balloon ex- 
pandable stent of the type described in EP^A-O 339 506 
which is hereby incorporated herein by reference. By 
controlling the wall thickness of the plaatieelly dafonma- 
bio layer relative to the suporolastic section, the per- 
formance of the device can be adjusted, For this char- 
acteristic, the wall thickness of the plastically deforma- 
ble layer is targeted to plastically deform during deploy- 
ment, At the same load condition, the superelastic layer 
is targeted to accept a ksad greater than the lower pla- 
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teau of Iha stress versus strain curve for the superelaslic 
layer and less than the upper plnteau of the stress ver- 
sus strain curve for the supdrelastic layer. In this loading 
conditbn. the radial outward force is controlled by ihe 
plastically deformable memtser (yield point on the stress ^ 
versus stran curve) and the crush resistance is control- 
led by the fiuperelastic menr\ber (upper plateau on the 
stress versus strain curve). Thie cooibinatioh wilt devel- 
op a stent which is balloon catheter deliverable to a 
known stent dlameler, cnjsh resistant, and exhibits no '^o 
chronic outward force. 

[0024] Although particular embodinrtents of the 
present Invention have been shown and described, 
modification nnay be made to the device and/or method 
without departing from the spirit and scope of the f^ 
present Irwenllon. The terms used in describing the in- 
vention are used in their descriptive sense and not as 
terms of lirrtitatione. 



Claims - - - ... 

1. A stem for implantation into a vessel of a patient, 
said stent com prleing; 

2S 

a) at least two plastically deformable dnd dx* 
pandable tubular graft members lor expansion 
within a vessel, each said graft member having 
a firsi end. a second end. a wall section dis- 
posed therebetween and a lumen extending 30 
therethrough; and 

b) at least one articulation connecting the first 
end of one of said graft members wrih the sec- 
ond end of said other graft member, said artic- 35 
ulation being made from asuperelastic materi- 
al. 

2. The stent of claim 1 wherein said at least one artic- 
ulation comprises superelaslic nickel titanium a)toy. 



grafts is made from said supereiastic material. 

7. A stent for implantation into a vessel of a patient, 
said stent comprising en expandable tubular graft 
member for expansion within a vessel said graft 
member having a first end, a second end, a wall 
section disposed therebetween and a lumen ex- 
tending therethrough, said graft member having at 
least two layers wherein oneof said layers compris- 
es an elastic layer of material extending from said 
first end to said second end and said other layer 
comprises a plastically deformable material cover- 
ing only a predetermined portion of said elastic lay- 
er. 

6. The stent of any one ol claims 5 to 7 wherein each 
said plastically def orrriabie tayer of said expandable 
graft comprises stainless steel, and wherein sakJ 
elastic layer of said expandable graft comprises a 
supereiastic nicKef and titanium alloy. 

9. The stent of any one of claims 1 to 6 wherein said 
graft member comprises a plurality of circumferen- 
tial loops, wherein adjacent loops are connelteted to- 
gether by at least one strut. 

10. A method for making a stent for expansbn within a 
human vessel, said method comprising: 

a) forming a tubular member having an Inner 
layer comprising a supereiastic material and an 
outer layer comprising a plastically deformable 
material; 

b) removing poilionsor said innerand outer lay- 
ers of said tube so as to form at least two plas- 
tically deformable and expandable tubular graft 
members connected together by at least one 
strut; and 

c) rennoving said outer plasticaiiy defonmable 
layer from said a1 least one articulation. 



3. The stent of claim 1 or claim 2 wherein each said 
expandable gralt comprises stainicsss steel. 

4. The stent of any one of claims 1 to 3 Wherein said ^ 

stem has a longitudinal axis extending through said 
lumens of said expandable grafts, and wherein said 
£dl least one articulation connects said graft mem- 
bers together along a curved line whfch is angled 
with respect to said longitudinal axis, ^ 



11 . The method of claim 10 wherein said step of remov- 
ing portions of said inner and outer layers of said 
tube so as to form at least two plastically deformable 
and expar>dable tubular graft members, comprises 
removing portions of said innerand outer layers and 
forming a plurality of circumferential loops and 
struts on each said graft, wherein adjacent loops 
are connected together by at least one strut. 



5. The siont of any one of claims 1 to 4 wherem said 
graft rYXjmbcrs have at loast two layors wherein one 
of said layers comprises a plastically deformable 
material, and said other layer comprises a supere- S5 
laslio matertat. 

6. The stent Of Claim 5 wherein said inner layer of snid 
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